Background: Significant increases in the prevalence of obesity have been observed among patients with peritoneal dialysis (PD). The impact of body mass index (BMI) on survival remains unknown in Korean PD patients. Results: Mean age was 65.8 years, and baseline BMI was 23.57 kg/m 2 . Numbers of male and diabetic patients were 3,492 (57.5%) and 2,192 (36.1%), respectively. Among 6,071 cases, 2,229 (36.7%) all-cause deaths occurred. As a whole, Kaplan-Meier survival curves according to BMI quartiles was significantly different (P = 0.001). All-cause mortality was significantly higher in quartile 4 than in the reference (hazard ratio [HR] = 1.154, 95% confidence interval [CI], 1.025-1.300; P = 0.018). There was no statistical difference in all-cause mortality among BMI quartiles in diabetic patients on PD. In non-diabetic patients, all-cause mortality of quartiles 1 and 3 was not different from the reference, but the HR was 1.176 times higher in quartile 4 (95% CI, 1.024-1.350; P = 0.022). Conclusion: Baseline BMI > 25.71 kg/m 2 seems to be an important risk factor for all-cause mortality in Korean PD patients.
Introduction
Peritoneal dialysis (PD) is a maintenance renal replacement therapy for patients with end-stage renal disease (ESRD) [1] . Unlike hemodialysis (HD), there is no need to visit the hospital frequently, there is no pain due to needle puncture, and residual renal function is maintained for a long time on PD. However, PD-related complications such as peritonitis or metabolic syndrome can occur [2] .
Significant increases in the prevalence of obesity have been observed among patients with ESRD [3, 4] . Very low body mass index (BMI) and high BMI in the general population are associated with increased mortality [5] . In patients with HD, the reverse pattern is seen [6] . However, it is controversial whether this trend is the same in PD as it is in HD [7] , and it has not been well investigated in Korean ESRD patients on PD [8] .
The Insan Memorial ESRD Registry (ImESRDR-KSN) is the largest Korean ESRD registry and has been collecting data since 1985. To evaluate the impact of BMI at the initiation of PD on mortality in Korean PD patients, we analyzed ImESRDR-KSN data from 1985 to 2014.
Methods

Study participants and data collection
ImESRDR-KSN is a nationwide database of patients with ESRD, which was launched in 1985 by the ESRD registry committee of the Korean Society of Nephrology (KSN). The registry data is updated yearly. For each patient on HD, PD, or who had undergone kidney transplantation, the start date of renal replacement therapy and new information from the past 1 year, such as the date of HD or PD initiation, newly developed comorbid diseases, adequacy data, laboratory data, and outcome (alive, dead, transferred to another modality or hospital) are updated. As registry enrollment is voluntarily updated by members of the KSN, the ESRD registry covers about two-thirds of all patients on dialysis in Korea [9, 10] . Among 80,674 patients on PD in the ImESRDR-KSN registry, inclusion criteria for our study were as follows: 1) age ≥ 18 years; 2) patients on PD between 1985 and 2014, and 3) patients whose first registered record had at minimum data about height, weight, PD date, and primary kidney disease and whose final record had at least outcome (alive or dead) and where applicable, date of death. Among possible cases identified (10,495), 4,424 cases with insufficient data or no BMI data were excluded. Finally, 6,071 cases were included (Supplementary Fig. 1 ; available online).
Baseline BMI was calculated as weight (kg)/height 2 (m 2 ) of the first registered data. Age, sex, presence or absence of diabetes mellitus (DM), systolic blood pressure (SBP), diastolic blood pressure (DBP), presence of residual renal function, duration of dialysis, normalized protein catabolic rate, total body water (TBW), protein equivalent of total nitrogen appearance (PNA), weekly total Kt/ Vurea and creatinine clearance (CCr) were recorded. In addition, laboratory findings such as hemoglobin (Hb), alkaline phosphatase, albumin, calcium, phosphorus, aspartate aminotransferase, parathyroid hormone (PTH), and total cholesterol were recorded. TBW, PNA, weekly total Kt/Vurea, and CCr were calculated using the following equations:
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Statistical analysis
Continuous variables are presented as means ± standard deviations or medians with interquartile ranges, as appropriate. Categorical variables are expressed as www.krcp-ksn.org numbers and percentages. Demographic characteristics and covariates of the four groups were compared using the Pearson chi-square test for categorical variables and one-way analysis of variance for continuous variables. Kaplan-Meier analysis was used to evaluate the change in survival among BMI groups, and Kaplan-Meier curves were compared using the log-rank test. Cox proportional hazard analysis was performed to evaluate independent associations among BMI quartiles and the long-term risk of death among patients on PD; data are presented as hazard ratios (HRs) and 95% confidence intervals (CIs). The proportional hazard assumption for the Cox model was tested using log-minus-log plots. Model 1 used the crude model and model 2 used only age and sex. We adjusted the regression model with available parameters known to be related to mortality. We also used the Bonferroni adjustment for multiple comparisons due to subgroup analyses. However, some parameters had too few patients (e.g., only 100 patients), so we excluded parameters that were not statistically significant when the data were adjusted. Therefore, among the independent variables, parameters related to mortality were included from among the parameters for which the number of patients was close to that of the dependent variable [12] [13] [14] [15] [16] . Finally, the following variables were adjusted in model 3: model 2 + primary disease, presence of DM, serum albumin level, serum Hb level, total cholesterol level, phosphorus level, SBP, DBP, HbA1c level, TBW, PNA, and weekly total Kt/Vurea and CCr. Analyses were performed using the Statistical Package for Social Sciences (SPSS ® ) software, version 18.0 (IBM Corp., Armonk, USA). All statistical tests were two-tailed, and P < 0.05 was considered significant. Fig. 2 ; available online). Log rank of the Kaplan-Meier survival curves of all patients according to BMI quartiles was 27.44, and the P value was < 0.001 (Fig. 1A) .
Results
Baseline demographic, clinical, and laboratory characteristics
Survival curves of patients without DM were analyzed for differences in mortality at 5, 10, and 15 years (Fig. 2 ). There was no difference at 5 years (P = 0.103; log rank, 6.18). The 10-year survival analysis showed a significant difference among BMI quartiles (P = 0.027; log rank, 9.19). In comparison analysis, mortality was increased in quartile 4 compared to quartile 1 (P = 0.008; log rank, 6.966). Fifteen-year mortality was also significantly higher in quartile 4 than quartile 1 by about 30% (log rank, 55.56; HR = 1.309; 95% CI, 1.136-1.509; P < 0.001).
Next, we analyzed survival curves of patients with DM for differences in mortality at 5, 10, and 15 years ( Fig. 3) . At 5 and 10 years, there were no significant differences in survival in quartiles other than quartile 2. However, at 15 years, patients in quartile 1 showed a significant decrease in mortality compared to those in quartile 2 (P = 0.019; log rank, 5.457). A decreased BMI in diabetic patients was associated with decreased mortality.
In Cox proportional hazard analysis, compared to the reference, all-cause mortality of all patients was reduced Table 1 . Baseline characteristics of patients according to quartile of baseline body mass index www.krcp-ksn.org by about 10% in quartile 1 (HR = 0.91; 95% CI, 0.832-0.995; P = 0.039; Table 2 ). An increase in mortality of about 14% was seen in quartile 4 compared to the reference (HR = 1.140; 95% CI, 1.042-1.247; P = 0.004). Adjusting several parameters resulted in a significant increase in mortality in quartile 4 compared to the reference (HR = 1.154; 95% CI, 1.025-1.300; P = 0.018). www.krcp-ksn.org significant differences in all-cause mortality among BMI quartiles in the DM group. However, in the non-DM group, mortality was approximately 18% higher in quartile 4 than the reference (HR = 1.176; 95% CI, 1.024-1.350; P = 0.022).
Discussion
In this study, all-cause mortality was significantly higher in Korean patients on PD in the highest baseline BMI quartile, but it was similar among patients in the other three baseline BMI quartiles. Compared to quartile 2, mortality was increased by approximately 14% in quartile 4. In particular, the impact of baseline BMI on all-cause mortality differed according to the presence or absence of DM. Multivariate analysis revealed no significant differences in all-cause mortality among BMI quartiles in patients with DM. However, in patients without DM, mortality was approximately 18% higher in quartile 4 than the reference quartile.
It remains controversial whether obesity or a high BMI in patients on PD is associated with higher mortality [17] . Several reports have suggested that obesity is associated with mortality in patients on PD. McDonald et al [18] reported that obesity at the start of PD was associated with mortality. Kiran et al [13] reported that the relative risk for mortality (adjusted for age, diabetes status, and cardiovascular disease [CVD]) was similar for normal and overweight groups, but higher for underweight and obese groups. Increased mortality in obese patients was more prominent in patients with DM than in those without DM [10] . Xiong et al [19] reported that obesity was a risk factor for CVD mortality, but not all-cause mortality.
Other studies have suggested that obesity is not associated with an increased risk of mortality in patients on PD. Snyder et al [20] reported that the association between BMI and outcome was dependent on the time interval elapsed from the initiation of PD, but that obese subjects had better survival than those with a lower BMI. Abbott et al [21] reported that patients on PD in the lowest quartile of BMI had an increased risk of dying, whereas those in the second to fourth quartiles of BMI had a virtually identical risk of death over time. de Mutsert et al [22] reported that obese patients on PD at the initiation of dialysis did not have a worse survival rate than those with a normal BMI. Fernandes et al [23] reported that being overweight or obese did not increase mortality in patients with incident PD. In Korean patients on PD, the lowest quartile of BMI was associated with higher mortality, but a higher BMI quartile was not associated with mortality when quartile 2 (21.4-23.5 kg/m 2 ) was the reference [8] . One study reported that obesity was a risk factor for death in a subgroup of patients on PD, but not all patients on PD. In more detail, Hoogeveen et al [24] reported that obesity was not associated with increased mortality in older (≥ 65 years) dialysis patients, but younger patients with a low or very high BMI had an increased risk of dying.
In a meta-analysis, Ahmadi et al [25] reported that being underweight was associated with higher first-year mortality, and being overweight or obese was associated with lower first-year mortality; however, the association between BMI and mortality was not significant over the long-term. Liu et al [12] reported that being underweight or obese (BMI = 25.0-29.9 kg/m 2 ) was associated with a higher risk of all-cause and CVD mortality in a metaanalysis of Asian patients undergoing PD.
The inconsistent results from these obesity studies regarding the risk of mortality are likely due to differences in study subjects and study design. There were anthropometric differences in the study subjects, such as age distribution, sex, race, and/or BMI. There were also differences in comorbidities among study subjects. In addition, classifications of BMI varied among studies, and included the WHO classification and WHO classification for Asians, or quartiles of BMI. In McDonald and colleagues' study of 9,679 incident PD patients in the Australia and New Zealand Dialysis and Transplant Registry [18] . Obese and diabetic patients comprised 22% and 49.7% of the study subjects, respectively. In de Mutsert et al's study [22] , 688 incident PD patients were selected from the Netherlands Cooperative Study on the Adequacy of Dialysis-2 cohort and followed-up for 5 years. Mean age and BMI were 53 years and 34.6 kg/m 2 , and obese patients accounted for Our results support the finding that high BMI is associated with increased mortality in patients on PD. However, some of the findings of this study are novel. PD was initiated around the early 1980s in Korea [27] . Therefore, almost all Korean patients on PD were included in the study for the following reasons: 1) ImESRDR-KSN has been active for 30 years, 2) most patients with PD were enrolled and followed in a university hospital setting, and 3) the registration rate of patients on PD from these university hospitals was high. Differences in results between our study and the previous study of Korean patients on PD [8] may be due to differences in study design, data quality, and prevalence of DM and CVD. ImESRDR-KSN data are based on annual retrospective voluntary submissions. However, complete data are lacking. Thus, among 80,674 patients on PD, data from only 6,071 patients were available for statistical analysis, despite the long study period (30 years). In Kim et al's study [8] , all data were collected prospectively. Thus, data collection was sufficient, but the follow-up duration was relatively short (24 months ) diabetic patients showed significantly greater mortality than normal diabetic patients. However, the HRs for mortality in overweight and obese diabetic patients were not different from that of normal diabetic patients. In non-diabetic patients on PD, there were no differences in mortality among BMI groups [29] . The lowest quartile of BMI showed higher mortality than quartile 2 (reference group) in both DM and non-DM patients, but higher quartiles of BMI (quartiles 3 and 4) did not have a significantly different mortality than the reference group. However, Zhou et al [30] reported a higher mortality risk in PD patients with BMI > 25 kg/m 2 , irrespective of their DM status. Kiran et al [13] showed that the relationship between BMI and mortality was Ushaped, with higher mortality in underweight and obese patients, and reported that the negative impact of obesity was more prominent in diabetic patients on PD than non-diabetic patients on PD.
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The reasons for these aforementioned findings may be related to differences in subject characteristics, study duration, prevalence of DM and CVD, classification of BMI, body composition, hydration status, and patient selection bias. BMI cannot be used to differentiate the contribution of muscle mass or fat mass to body weight or differentiate central obesity from generalized obesity; thus, it may also reflect hydration status [31] . Furthermore, the mortality rate of diabetic patients on PD is worse than that of non-diabetic patients on PD [32] , but recent studies showed that similar outcomes could be achieved in diabetic patients as non-diabetics if inflammation, protein energy wasting, and/or cardiovascular morbidity were controlled [33, 34] .
Obesity has been associated with a shorter time to transfer to HD therapy [20] , higher risk for peritonitis [35] , and faster decline in residual kidney function [36] . This may explain the increased mortality rate of obese patients on PD. Obesity has a negative effect on survival in patients on PD due to an increased peritonitis rate, secretion of proinflammatory cytokines by adipose tissue, and a more rapid decline in residual renal function than is seen in non-obese patients [28, 31, 37, 38] . In addition, a glucose-based dialysis solution and polymorphisms in uncoupling protein 2 may aggravate obesity in patients undergoing PD [39, 40] . Patients undergoing PD are exposed to a large amount of glucose in the PD solution, which leads to increased exposure to metabolic syndrome [41] . In diabetic patients, PD can aggravate glycemic control, and poor glycemic control is associated with increased mortality [42, 43] . However, we could not evaluate the degree of glycemic control because these data were not available in the ImESRDR-KSN.
As mentioned above, a glucose-based dialysis solution may aggravate obesity in patients on PD. Indeed, 80% of patients undergoing PD showed an increase in body weight of more than 3% after 1 year in one study [23] , most of which was likely due to an increase in fat mass [44] . However, patients who gained weight were not at increased risk of mortality compared to those with stable weight, regardless of their DM status [23] . Furthermore, the increase in BMI was not persistent in patients undergoing PD. During the follow-up period, there was a nonlinear increase in BMI for the first 3 years, followed by a gradual decrease in BMI over time [45] .
This study had several limitations. First, all-cause mortality was analyzed rather than specific causes of mortality because of inadequate records regarding the cause of death. Accurate information on cardiovascular mortality cannot be obtained from ImESRDR-KSN data because of the lack of information on the cause of death. Second, the number of patients with a BMI ≤ 18 kg/m 2 , which is associated with the highest mortality rate, was very small. Third, because screening of body composition was not performed in this study, body composition related to fat, lean body mass, and overhydration could not be measured. Fourth, BMI at the single point (initiation of PD) was used for the analysis. Some may argue that a single measurement of BMI at the initiation of PD does not reflect a patient's real BMI because most patients experience an increase in BMI after PD. However, most previous studies have used a single BMI value at baseline. Additionally, there was a non-linear increase in BMI for the first 3 years, and then there was a gradual decrease of BMI over time; the change of yearly BMI was 0.4 kg/ m 2 in patients undergoing PD [34] , which was not a large increase compared to the change in BMI classification. Finally, as shown in Supplementary Fig. 2 , the authors used available data, and of those about 80,000 initially enrolled patients, duplication and death cases and data without BMI were excluded from the study. As a result, the possibility of selection bias may be suspected.
In conclusion, baseline BMI > 25.7 kg/m 2 at the initiation of PD might be a risk factor for all-cause mortality in Korean patients undergoing PD, especially non-diabetic patients.
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